The phenomena of deep inelastic electron scattering on single nucleons, viewed as virtual photon absorption, are reexamined with the nonspeculative, phenomenological attitude of source theory. The use of a double spectral representation for forward scattering, and of experimental inputs from the low energy resonance region and the high energy real photon diffraction region, lead naturally to the general observed characteristics of deep inelastic scattering. A reasonably successful description of deviations from simple scaling behavior is also presented.
No experiment in the recent history of high energy physics has had more impact on the theoretical community at large than the deep inelastic scattering experiment of the MIT-SLAC collaboration (1) . Very high energy electrons are inelastically scattered off individual nucleons, resulting in the production of various nucleonic excited states, or resonances. It is found that, with increasing inelasticity, this resonance structure very quickly blends into a smooth pattern that shows a remarkably simple, scaling dependence upon the two independent variables of the experiment, which measure the energy and invariant momentum transfer to the nucleonic system. It was the emergence of this scaling behavior that set off an orgy of speculative model building and abstract theorizing, * which has raged unchecked until quite recent experiments on hadronic production in electron-positron collisions dealt a body blow to the confident (but discordant) predictions that accompanied the various speculative viewpoints. Perhaps the time is now propitious for a reassessment of the situation, one that focuses more on correlating experimental facts and less on the urge to speculate about the ultimate constituents of matter. The systematic evolution of particle physics that is based on the epistemological attitude of the last sentence is known as source theory (3) . Although it arose in response to the continuing crisis in high energy physics, the major attention for some time has been given to honing its blade on the whetstone of electrodynamics. Here we begin to wield this weapon in the arena for which it was forged.
An inelastic transition of the electron, with the spacelike momentum change q", creates an electromagnetic field FM(q) that interacts with the nucleon, of initial time-like momentum pa. The experiments with which we are concerned work with unpolarized nucleons, and do not detect individual hadronic components of the final state. A useful approach to the evaluation of the desired total transition rate is through the consideration of forward scattering, by the nucleon, of the "photon" of momentum q. The probability for the persistence of this two-particle state, of individual momenta q and p, is diminished below unity by just the required total transition probability. A convenient gauge invariant expression for the forward scattering probability amplitude is given by
2 X (gg. + m-2pkp,)H2(q2, qp)}, [1] where V represents the space-time interaction volume, e is the electric charge quantum in rationalized units, m is the nucleon mass, and H1i2(q2, qp) are two functions of the scalar variables that can be formed from the vectors q and p. The latter are constructed with the aid of the metric tensor g,,,, which is such that p2 = -M2, q2 > 0. Since the nucleon is unpolarized, it is completely characterized by its momentum p, which appears in the invariant momentum space measure (dp) 1 (2r) 3 2p0 po = (p2 + rn2)"/, [2] and in the second of the two possible gauge invariant combinations through the projection tensor q,,, + m-2pp,, which selects vectors orthogonal to p. The functions H1,2 also reflect, in their even dependence upon the variable qp, the symmetry between q and -q of the field structure in [1] . [8]
Here, we have introduced the symbol v= -qp/m, [9] which gives the electron energy loss in the rest frame of the initial nucleon (laboratory system). The inferred persistence probabilities, illustrated by and UT = (8Tra/mv) [ 
X Im H2-q2Im H1], [13] both of which must be positive quantities. The crosssection forms make apparent that the H functions have the dimensions of inverse momentum to the fourth power. We also note that constant limit, the same for proton and neutron, which is represented by v/m >» 1: m3v Im H2(0, mp) _ 1.2.
[16] [17]
We shall now exhibit double spectral forms for the H functions. It is characteristic of source theory (3) that such spectral forms are inferred by first considering the causal propagation through the system of various excitations. Here, there are two independent inputs associated with the momentum combinations p q, both of which are initially time-like. The resulting double spectral forms are fdM +2 dM_2
where -iO is understood in each denominator, and the crossing symmetry between q and -q is expressed by the symmetry of the real, dimensionless weight functions hl,2 in the two quadratic mass variables. The process of space-time extrapolation that leads to [18] could be accompanied by an extrapolation of the mass spectrum that supports the weight functions. Rather then relying on specific dynamical models, we shall accommodate our views in this matter to the requirements of experiment.
Comparison with experiment is also the basis for omitting possible single spectral forms, which, in this situation, involve the combination
Apart from the q2 term in the numerator, this could be incorporated into the double spectral form. The evidence for the absence of the additional q2 factor will come from experimental results on form factors.1
Having in mind that the momentum q is absorbed, UL q2 ImrH UL + UT q2 + V2 ImH2 [14] and that on setting q2 = 0, only UT survives to become the total photon cross-section It should be remarked that the mass m of the argument m2/M+2 not only refers to the nucleon mass, but also characterizes, in order of magnitude, the resonance region. What is being underscored here is the physical hypothesis that, at the level of excitation realized in these experiments, there is, as yet, no significant dependence upon any larger, hypothetical, mass parameter, which would signal the onset of entirely new physical phenomena.
Elastic scattering receives a direct discussion in terms of the two form factors F1,2(q2) that enter the Dirac matrix current combination ,yJFi -(1/2m) a" i qF2.
[24]
As defined here, Fl(q2 = 0) equals the nucleon electric charge (1 or 0, for proton and neutron, respectively), while F2(q2 = 0) gives the appropriate anomalous magnetic moment, in nucleon magnetons. The results of this standard calculation can be stated in terms of the longitudinal and transverse cross-sections: [28]
In particular, the coefficients of this function in GM, for proton and neutron, are in the ratio of the respective magnetic moments, which, in magnitude, is approxi- [31]
and we note that the identification of an average (1/2) (M2 _-M2) with MO2 yields M_ = 1.6 m = 1.5 GeV, which is well within the resonance region. Among other inferences from these equations, the constants hl,2 are identified, by setting q2 = 0, as the squared nucleon charge, 1 hl,2= 0) = hi,2 + f M h1,2(M_2/M2) = 0, [32] which is the first of a set of "superconvergence relations" that express the vanishing of the left side in Eq.
[31] as q2/M2 co . Indeed, to reproduce the (m2/q2) 4 beSource Theory 3 havior of the left side for high momenta it is necessary that ¢ << 1: h1,2'(r) r3, [33] with the attendant consequences inferred from [30] . It is also this strong decrease of the left side of [31] for large q2/m2 that argues against the presence of a single spectral form, with its implied constant multiple of q2 on the right-hand side of that equation, since such a term would be difficult to compensate.
The latter remark refers to elastic form factors, of course, but the weight of evidence about inelastic form factors is that they behave in much the same manner for sufficiently large q2, which we regard as reasonable justification for the complete omission of the single spectral form in favor of the double spectral form. For both proton and neutron, the cross-section ratio, a7L/U, a = aL + aiT is quite small, within relatively large experimental errors; the scaling behavior that is characteristic of the region is expressed by 4ira f(c) q [39] where f(w) approaches a constant -1 for sufficiently large w, and vanishes as w 1 in a manner not inconsistent with that of (co -1)8; the ratio fn(co)/ff(w) de- creases from unity at large w to a somewhat uncertain limit as X --1.
We first remark that q2/v2 = (2/w)2 (m2/q2) [ the possibility of an extrapolation of the spectrum, the danger of serious conceptual problems posed by negative hi2 requires further investigation.
Note added in proof. A joint public announcement (Nov. 16, 1974) by the Stanford Linear Accelerator Center and the Brookhaven National Laboratory discloses the discovery of a new unit spin, neutral particle that decays, with a very long life-time, into hadrons, electron-positron and p pairs. The electromagnetic leptonic decay rates are comparable to those of the known unit spin, neutral particles, but the hadronic modes are greatly suppressed. It is interesting that a family of particles with just these characteristics had been anticipated in the recent development (which was also motivated by source theory philosophy) of a new unified theory of electromagnetic and weak interactions, one that was intended to supply a less speculative interpretation for the experimental absence of certain neutral currents [Schwinger, J. (1973) Phys. Rev. D8, 960-964]. With this identification of the new particle, a substantial fraction of the observed hadronic decay rate is accounted for by electromagnetic mixing effects.
I am indebted to Wu-Yang Tsai, Kimball Milton, and Lester DeRaad for helpful comments on the manuscript. This work was supported in part by the National Science Foundation.
